Introduction
============

It is not well known that anterior and lateral lumbar osteophytes often cause injury to the abdominal aorta and inferior vena cava located to the front of them. Aortic perforation caused by a vertebral osteophyte in the absence of a major trauma has not previously been described. However, there have been some reports of abdominal aortic aneurysm (AAA) ruptures caused by anterior osteophytes.

There is a case report of a patient who was admitted with acute abdominal pain radiating to the back. Computed tomography examinations showed a needle-thin perforation of the aorta, opposite the origin of the superior mesenteric artery, with a pseudoaneurysm. A needle-sharp spinal osteophyte was located exactly opposite the perforation \[[@B1]\]. There is a significant association between increased anterior lumbar osteophytes and prevalence of abdominal aortic calcification (AAC) in both genders (*P*\<0.001) \[[@B2]\]. The presence of calcified lesions in the abdominal aorta has been associated with cardiovascular morbidity and mortality \[[@B3], [@B4]\]. The purpose of this paper is to describe the distribution, lengths and classification of lumbar osteophytes, especially in the anterior and lateral sides of the lumbar vertebral body.

Materials and Methods
=====================

One hundred and eighty Thai specimens of dry lumbar vertebral columns between L1-L5 (90 males and 90 females) were recruited from the Department of Anatomy, Faculty of Medicine, Chiang Mai University. They consisted of five age groups: 15-35, 36-60, 61-75, 76-85, and \>85 years old (6, 68, 72, 25, and 9 lumbar columns, respectively). The average age was 63 years old (range, 15-96 years old). The locations of osteophytes were observed from the edges of the superior, inferior surfaces of the body, and the articular facet of the lumbar vertebrae in the anterior, lateral, posterior and posterolateral areas. The three groups were classified according to Macnab \[[@B5]\] into traction ([Fig. 1A](#F1){ref-type="fig"}), claw ([Fig. 1B](#F1){ref-type="fig"}) and fusion types ([Fig. 1C](#F1){ref-type="fig"}). Analysis was performed by percentile, mean and standard deviation, correlation of osteophytes with gender, and of age with osteophyte length by chi-square and Pearson correlation.

Results
=======

Distribution and locations of osteophytes
-----------------------------------------

Of the 180 lumbar columns, osteophytes were found in 175 columns (97.2%), 88 out of 90 columns in males (97.8 %) and 87 out of 90 columns in females (96.7%), being not significant by gender (*P*\>0.05). The prevalence of osteophytes was higher in the order of L4, L5, L1, L2, and L3 ([Table 1](#T1){ref-type="table"}). The osteophytes occurred at 100% in all groups, with the exception of the age group of 15-35 years ([Table 2](#T2){ref-type="table"}). The one column that presented osteophytes within the age group of 15-35 years was a 31-year-old female. The osteophytes were mostly found in the superior and inferior surfaces of the body and articular facet (39.7%, 38.4%, and 22%, respectively). A greatest prevalence of osteophytes on the superior surface of body, inferior surface of body and articular facet of lumbar vertebrae were 39.7%, 38.4%, and 22.0%, respectively. The greater prevalence of osteophytes was found on the anterior side of the superior surface of body (30.4%) and the lateral side of inferior surface (26.2%) ([Table 3](#T3){ref-type="table"}).

Classification of osteophytes
-----------------------------

The osteophytes were classified into traction, claw and fusion types (78.5%, 17.5%, and 4.0%, respectively). The main traction osteophytes were present at the anterior, left lateral and right lateral sides, respectively ([Table 4](#T4){ref-type="table"}). The prevalence in traction type was higher than in claw and fusion types at all levels ([Fig. 2](#F2){ref-type="fig"}).

Lengths of osteophytes
----------------------

The average lengths of osteophytes were 3.47±2.21 mm at L5, 2.90±1.92 mm at L4, and 2.37±1.57 mm at L3. The longest lengths of osteophytes on anterior superior surface of body L5, L4, and L3 were 28.56, 23.18, and 17.72 mm, respectively. The osteophyte length was significantly correlated directly with age (*P*\<0.01) ([Fig. 3](#F3){ref-type="fig"}), and the osteophyte length of males was significantly greater than females (*P*\<0.05) ([Table 5](#T5){ref-type="table"}).

Discussion
==========

Distribution of osteophytes
---------------------------

The prevalence of osteophytes was very high in this study 97.2% (175 out of 180 columns). There was a similarity between male and female specimens. The present study showed the prevalence of 97.8% in male and 96.7% in female columns. Pye et al. \[[@B6]\] in a UK study analysed 585 lumbar lateral spinal radiographs, 286 males and 299 females. Their results showed osteophytes present in 73% specimens. In the study of O\'Neill et al. \[[@B7]\], 681 female and 499 male patients were studied; 84% men and 74% women had at least one vertebra of a grade 1 or higher osteophyte.

In the United States, more than 80% of individuals older over 40 years of age have lumbar spondylosis \[[@B8]\]. The present study found osteophytes in all lumbar columns of those over 35 years old. The prevalence of osteophytes in this study was higher than in other reports \[[@B6], [@B7]\]. It is thought that the visual method used in the present study is more accurate than the radiological approach.

The location of osteophytes
---------------------------

The primary cause of osteophytes is degeneration of the intervertebral disc; loss of disc height occurs with subsequent peripheral annular bulging. Proteoglycans and water escapes through fissures formed with the degeneration of annulus fibrosus, resulting in further thinning of disc space; vertebral sclerosis and osteophytic formation ultimately follow \[[@B9]\]. This study found more frequency of osteophytes at L4 and L5 for the reasons that could be consistent with the report of Panjabi et al. \[[@B10]\]. In the studies of intradiscal pressure and volume measurements in 84 fresh cadaveric lumbar spine disc spaces, the greater degeneration was found at lower levels of the lumbar spine as compared to the upper levels. Heuer et al. \[[@B11]\] investigated the annular fiber strains and disc bulging under simple and complex spinal loads. A novel laser scanner was used to image surfaces of six L2-3 segments. Loading was applied in the flexion, extension, lateral bending directions and combined directions. Two conditions were measured; intact and defect (vertebral body-disc-body units). The flexion produced 7.2% fiber associated strains and 1.63 mm bulge going up to 17.5% and 2.21 mm after the defect. Highest fiber associated strains were found for the combination of axial rotation plus lateral bending with 24.6% and with a maximal bulging of 1.14 mm. McGill \[[@B12]\] reported that the differences in range of motion between L4-L5 and L5-S1 in the three movements are more flexion in L4-L5, and more extension in L5-S1, more lateral bending in L4-L5, more rotation in L4-L5.

Classification of osteophytes: relation between osteophytes and abdominal aorta
-------------------------------------------------------------------------------

The most common cause of aortic aneurysms is arteriosclerosis. Arteriosclerosis can weaken the aortic wall and the pressure of the blood being pumped through the aorta causes expansion at the site of weakness. The exact cause is unknown, but risk factors for developing aortic aneurysm include: smoking, high blood pressure, high cholesterol, genetic factors and obesity. The stress occurring from osteophytes may render the overlying aortic wall ischemic and thus more vulnerable to infection by blood borne bacteria, because the osteophyte must have exerted pressure on the aortic wall before the perforation occurred \[[@B1]\].

The present study found anterior and lateral traction osteophytes in greater numbers than posterior and posterolateral traction osteophytes. These osteophytes can pressurize the abdominal aorta or inferior vena cava wall leading to ischemia or perforation. In the study of Karasik et al. \[[@B2]\], a significant association between increased anterior lumbar osteophytes and prevalent AAC was demonstrated. The statistic showed a male odds ratio (OR, 1.20), 95% confidence interval (95% CI, 1.1-1.3) per unit increased in osteophytes and that in women (OR, 1.25; 95% CI, 1.1-1.4).

The prevalence of AAAs has been reported to be higher in men than in women \[[@B13]\]. The majority of studies (AAA diagnosed by means of autopsies, ultrasound screening, and hospital discharge data) demonstrated the percentage of AAAs diagnosed in women to be 19% to 34% and the percentage diagnosed in men to be 66% to 81% \[[@B14], [@B15], [@B16], [@B17]\]. The margins of vertebral bodies are normally smooth. Growth of new bone projecting horizontally at these margins identifies osteophytes. Most osteophytes are anterior or lateral in projection. Posterior vertebral osteophytes when presented may contribute to lumbar stenosis which is increasingly diagnosed in Thais. Postero-lateral osteophytes can compress lumbar spinal nerve roots causing back and leg pain. A high prevalence of anterior and lateral osteophytes was found in this study. This may cause pressure on the abdominal aorta and inferior vena cava with serious health implications.

Payap University, Chiang Mai, Thailand granted a scholarship for this study.
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The prevalence of osteophytes in lumbar vertebrae by gender
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Values are presented as number (%).
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The prevalence of osteophytes in lumbar vertebrae by age groups
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Values are presented as number (%).
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The number of osteophytes on superior surface of body and inferior surface of body at anterior (A), posterior (P), left lateral (Lt.L), right lateral (Rt.L), left posterolateral (Lt.PL), right posterolateral (Rt.PL) sides
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Values are presented as number (%).
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The number of traction, claw and fusion osteophytes on the areas of superior and inferior surfaces of body L1-L5
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Values are presented as number (%). A, anterior; P, posterior; Lt.L, left lateral; Rt.L, right lateral; Lt.PL, left posterolateral; Rt.PL, right posterolateral.
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The statistics compare the mean±standard deviation of osteophyte lengths between males and females
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Values are presented as mean±standard deviation or number. ^\*^Significant at *P*\<0.05 level.
